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Abstract - The observed chemical shift non-equivalence of the diastereotopic methylene 

protons in primary camphanamides is rationalized in terms of chirality independent, 

differential shielding of IiS by the amide carbonyl, as deduced by nmr solution, X-ray 

structural studies and molecular mechanics calculations. 

In proton nmr spectroscopy, the methylene protons at a prochiral centre in a chiral molecule exist 

in magnetically non-equivalent environments and may exhibit different chsmical shifts. It was 

proposed that the observed chemical shift non-equivalence, Adobs , is made up of an intrinsic . 
diastereotopic shielding term, A6i and a confotuational term, A6c, dependent upon the relative 

fractional population and the corresponding individual chemical shifts of low-energy molecular 

conformations. ' More recently it has been shown that the intrinsic diastereotopic shielding is 

insignificant in % nmr.2 The magnitude of the observed chemical shift non-equivalence has been 

observed to be a function of the separation of the prochiral and chiral centres, of molecular 

rigidity and of temperature and solvent i.e. parameters which affect the molecular conformation 

term, A6c.3 

In the II! n.m.r. spectra of a series of alkyl camphanamides, la-lf we have found that the --7 
pro 2 hydrogen consistently resonates to higher frequency of HR.4 This permits the determination 

of both the enantiomeric purity and the absolute configuration of o-deuteriated primary amines. 

The chemical shifts of the diastereotopic methylene protons in la-f are recorded in Table 1; the 

pro E and pro 2 proton resonances are cleanly separated at medium field in d6-benzene solvent, 

with the chemical shift difference between Hg and HR varying between 0.12 and 0.21 ppm. An example 

is shown in Figure 1, in which part of the 400 MI% *H n.m.r. spectrum of E is illustrated. HS and 

HR are clearly separated. Each proton is coupled to the amide NH and to the adjacent methylene 

protons to give the observed multiplet. 

a) R - Me d) R =CH2Et 

b) R -Et elR=Ph 

cl R -CH2CH2Br f 1 R = p-Brl’h 

In order to probe the origins of the anisochronism of the geminal methylene protons in la-f, 

the para-bromobenzyl derivative rf has been examined in detail. Rxamination of molecular models 

suggeets that the observed non-equivalence of the diastereotopic ethylene protons is due to the 

neighbouring &de carbonyl anisotropy. 
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I 
At =O-21 ppm 

400 MHz 

,-.------ *---------I 
8 

315 3.05 2-95 2.05 Ppm 

Fig. 1. 400 wlz Ill n.m.r. spectrum of (lS,QR)-(-IN-propylcamphanamide (lJ), showing the 

ciiastereotopic methylene protons. 

Table 1. NMR Data for Diastereotopic Methylene protons in la-lfa -_ 

Compound R 
A6RS'k 

la ne 3.03 2.89 0.14 17.5 - 

b Et 3.12 2.91 0.21 14.3 

1c 3.00 2.88 0.12 13.7 - CR2cH2Br 
Ir! n-R 3.11 2.95 0.16 13.6 

le w 4.25 4.12 0.13 14.8 - 

E -p-Br-rJh 4.12 3.96 0.16 14.7 

a Spectra were recorded in d6-benzene at 298 K; chemical shifts 

are given in pp and coupling constants in Hz. 

X-Ray Structural Studies 

The structure of rf has been detetined by single crystal X-ray diffraction.+ There are two 

independent molecules i and B in the asmtric unit: these molecules are linked into A-B pairs 

by NH--O hydrogen bonds between the NH group of one molecule and the lactone carbonyl of 

another. A view of the two molecules ia shown in Figure 2 with the cry&allographic numbering 

scheme. Molecules A and 2 are conformers related by rotation about the N-C(ll) bond vith 

' Crystals of & were grown from CRC13/CC14:hexane (1:l). Crystal data:- Cl,R20BrN03, Mr = 

366.3, monoclinic, space-group C2, a = 25.454(6), b = 6.507(J), c = 21.947(7)8, B = ll2.4', U = 

3362(2)x, Z = 8, DC = 1.45 g CID-~, F(ooO) = 1504, ~1fn0-K~) = 24.3 cm-'. At convergence R = 

0.064 and Rn = 0.086 for the 1903 observed reflections. The atomic coordinates for this work are 

available on request from the Director of the Cambridge Crystallographic Data Centre, University 

Cherical Laboratories, Lensfield Road, Cambridge CB2 1EU. Any request should be accompanied by 

the full literature citation for this comunication. 



si8ultaneous reorisatatfon of the pheql ring. The values of the C(1O)-N-G(11)-C(l2) torsion 

angles are 96.6,aud Shefor the A and B molecules respectively. Tbe bromopbmyl riny, are 

ariested about the G(ll)412) bonda such that the N-C(li)-C(12)-4(13) torsioh au&xi are 31.1 and 

325.T"for A and B respeotively: 

Fig. 2. Molecular etructures of the two iwlemdeut molecules,_3: (left) and B (right). The 

relative orientation of the bicycllc riu~ is the same iu both casee. 

In molecule _ir, the pro S hydrogen is closer than HK to the maguetically anisotropic carbouyl 

group; in uolewle 2 the situation is reversed. Rirthexmore, HS ie closer to the aside carbonyl 

Solution W.a.r. Studies 

In the 'Ii n.m.r. spectrum of Lf in d6-beuzeae at 298 K, two doublet of doublets MY be observed, 

ceutred at 64.11 and 3.95 pm, correflponding to Hs and HK respectively. The chemical shift 

difference betuem HS aud HK iucreaeee linearly with decreasiug temperature, (Table 21; Mar 

behaviour is observed with 2 where h6 

283 K. 
V#t 

in 0.12 pgnn at 320 K aud r&see linearly to 0.15 ppm at 

The chemical shift difference is indepoudeut of tide concentratiou, precludiuS auy effects 

due to intemolecular association. Careful exawinatiou of the temperature depeudence of MI, 
SHR reveals that as the taaperature is lowered, it is Hs that shifts to h&beer frequency relative to 

I$ and other resouaucee iu the molecule. Such MaHour is cousisteut with HS spending sore tti, 

on average, iu a regnetically deshieldieK euvironmmt i.e. proximate to the amide carbonyl. 

The observed anisochronisa~ is also ssnsitive to the n.m.r. solvent used. With lf, ad 

maximum with non-polar aromatic solvents and is lower in polar, aliphatic eolwts, 
nSKKta 

(Table 2). 

Sinilarbahaviourvasobserr~vfth~,vithrhich A8 

in @X4, 0.06 pps in d6-acetone and 0.15 ppm in c6h6' 
KS% 

at 308 K is 0.03 ppa in CDC13, 0.05 pp 

The observatiou that Mobs, is a m&.mum in 

aromatic solvents su&~wts that one of the aromatic solvent molecules lien cloee to the amide group. 

Some form of ‘we&* *-rcC interaotionbstueea the aromatic v cloud and the carbonyl double bond may be 
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Table 2. Variation of Abobs with Terperature and Solventa . 

Teiperature K; A6 
%AR 

ppm Solventb; A6 

320 0.137 C6D6 0.15 

310 0.148 ‘7D8 0.14 

300 0.162 295 0.171 zN 
3 

Z'Z . 

zgo 0.177 (CD3)2C0 0.07 

285 0.185 GD30D 0.06 

a%corded at 200 Hlz. 

' At 308 K. 

involved, enhan* the anisotropic environment experienced by IIs a&l&. 

The possibility that the amide N-H may form an intramolecular hy&ogen bond with the lactone 

ether oxygen in non-polar solvents, at the concentrations used in the-a.m.r. experiments, was 

considered. 

1o-2 

However an FT Lr. study in Ccl4 and C6D6 revealed that at cemoemtrations of If of - 
-1 Jl and below, only a mingle sharp band at 3435 cm was observed. Ibis corresponds to the 

free N-H stretch, and no other bands were observed, in this region, over the concentration range 

10-s to 10 -2 w. At higher oencentrations a broad band appeared at 338O,cm-';' uhiehgrew as a 

function of increasing coaoe&ration and is assigned to an intermolecular hydrog&.bonded NH .’ 
stretch. In the crystal structure determina tion, hydrogen bonding betweemthe tide KH of one 

molecule and the lactone oarbonyl of another was revealed. Such interactions also appear to occur 

in solution at higher concentrations. 

Molecular Mechanics Calculations 

Using a model of the camphanamide constructed from fragments taken from the Cambridge 

Crystallographic Database, 5 molecular mechanics conformation energy calculations were performed on 

If. - The variation in molecnlar potential energy with changes in torsion angle was calculated by 

the eumration of the separate components for non-bonded, torsional and electrostatic energies, 

(further details are in Kxperimental). In Figure 3 the variation in molecular potential energy 

with changes in the C(lO)-N-C(ll)-C(12) and N-C(ll)-C(lZ)-C(l3) torsion angles is illustrated. 

The contour lines are in energy units of kcal mol-'. Comparison with the observed torsion angles 

for molecules i and B, revealed by the crystal structure, shows good agr-t. Molecule A is 

the lower energy conformer, residing in the bottom left hand corner of the energy plot, with B in 

the top right hand corner. Ibe calculated energy difference between 1 and B is 1.3 kJ 1101-l. The 

local energy minima are calculated to be within 4 kJ mol-' of the absolute energies for the 

observed crystal conformations, that is, within the limit of the largest probable distortion of a 

small molecule conformer, in the crystalline state, from the minimum energy form. 
6 

Furthermore, 

it is well established that any conforrpation observed in the crystalline state is likely to be 

important in solution.6 Confolrer h is the lower energy state and in solution as the temperature 

is lowered, vi11 be preferentially populated over B. 

Conclusions 

The studies related above confirm that the observed chemical shift nonequivalence of the 

gcainal sethylene protons in camphanamides, 1, is due to differential shielding of the diastereo- 

topic methylene protons by the anisotropic amide carbonyl group. In the preferred conforsler 4, the 

pro S hydrogen is closer on average to the amide carbonyl group and hence resonates to higher 

frequency of I$. As the temperature is lowered this differential shielding is more pronounced as 

conformer &is preferomtially populated. 

of liK in all studied caqhanamides,4'7 

Given that HS consistently resonates to higher frequency 

the rationale put forward may afford a general explanation 

for the origins of the observed geminal proton anisochronism in camphanamides and related compounds. 



fig 3. Mofolecular potential energy map as a function of the C(lO)-Nap and N-C(lL)-C(lz)- 

C(l3) torsion angles. Contours are iu I kcal mol" steps. 

RXPRRIRRNTAL 

$i n.m.r. spectra were xwcorded on either a Rruker WR360, a Rruker W200 or a Rruker WR@C 
._ 

iusttaeot. Roleculwqecbanics coufomatioualehergy cahxlat$onsuere performed ontbeClax0 

Research molecular modelling systeqruuuiug on a VAX 11-750 miuicomputer coupled to Rogatek and 

Sigma display teminsls. The force-field calculations used standard Ruckingbas and single-texm 

cosine potential functions 8 for the non-bonded and torsional energies, respectively, and the 

electrostatic euergy was calculated from a Cqulombic potential usiug a distance-dependeut df- 

electric ters. 9 The associated non-bonded and torsional force-field parameters were set lo to 

reproduce in 'rigid-rotor' models (i.e. without full relaxation of molecular geometry), 

experireutal torsional barriers in mall mole~ules~~ and the observed distribution of +, Gaugles 

iu peptidea and proteins. l2 A standard set of partial charges wers placed on those atoms iuyolved 

in potential hydrogen-bonding groups. The crystal structure was detemiued by the heavy atom 

method and refined by full matrix lesst-squares calculation& All hydrogen atoss were located 

from the difference maps and included but not refiued in the calculations. Allowance no8 made for 

the auomaloue dispersion of brosine. Reflections were seaswed with a CAD4 diffractometer and all 

calculations were made with the SDP system of programs on a PDP-11/73 computer systar. 

The cbiral anides la-le were prepared according to literature procsdures,4 and E was -- 
prepared as described below. 
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para-Brosobensylauinarine hydrochloride (227 ug, 1 nmol) was suspwded in dichlorcsethane (7 cn3) 

at O'C, and trietJ#anine (150 mg, 1.5 wl) and (-)-casphanoyl chloride (241 sg, 1.1 roll added 

in sequaice. The sixture was stirred for 3 h at O'C, then poured in sodim hydroxide sdlution 

(0.1 H, 50 cr3) and the aqueous phase extracted vith dicbloraatbane (3 x 10 cu3). The organic 

phase was washed with dilute hydrochloric acid (0.1 U, 2 x 20 cu31, water (2 x 25 cm3), dried over 

anhydroue uagne&us sulphate, filtered, and solvent raao~ed uuder reduced pressure to give a 

colourless solid (220 sg, 60$) which may be recrystallissd fros chloroform-carbon tetraclrloride 

(1:l) and tmxane, up 126-127°C. 'Found: C 55.6, Ii 5.28, N 3.61. C17R20BrN03 requires C 55.7, H 

5.46, N 3.82. $ (C6D6) 6.77 (lR, br, NHCO), 4.12 (18, dd, I$,>, 3.96 (lE, dd, RR, J 
%% 

14.71, 

2.30 (Hi, u), 1.56 (lH, a), 1.33 (LH, R), 1.25 (Hi, n), 0.83,,0.82 (3R + 3H, s,+ s, )b2C), 0.69 

(3% s, C&f. s/t 367/365 CR+,, 186/184, 149, 136, 109, 83. .v(KBr) 3380 (H-bonded R@, 2960, 

2920, 2860 (III), 1780 (rs), lactone CO), 1675 (vs, RRCO), 1530, 1175. 
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